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Description 

OUTPUT CIRCUIT AND RELATED 
APPARATUS AND METHOD FOR 
ELECTRICALLY DETECTING WHETHER 
CABLE IS CONNECTED TO OUTPUT PORT 

OF OUTPUT CIRCUIT 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention relates to an output circuit for a 
player, and more particularly, to an output circuit of a 
player capable of detecting whether a cable is electrically 
connected to an output port of the output circuit. 

[0003] 2. Description of the Prior Art 

[0004] | n modern society, various kind of video or audio informa- 
tion is stored and recorded in electrical, magnetic or opti- 
cal media. Accessing this stored information involves us- 
ing video or audio players to read and transform data into 



electrical signals and then display these images or play 
this sound through video or audio media. Display media 
directly relate to the quality of their output video or audio 
signals so engineers make effort to improve video or au- 
dio players. 

[0005] please refer to Fig.l. Fig.l illustrates function blocks of a 
conventional player by using an example of a CD player 
10. The CD player 10 comprises an access circuit 12, an 
output circuit 14 and an output end 26. Generally speak- 
ing, modern players comprise a plurality of outputs and 
Fig.l shows one output end as a representative for conve- 
nience. If being plugged into the video/audio apparatus 
18, the output end 26 is connected to the video/audio ap- 
paratus 18(for example, a TV) through the corresponding 
output cable 16. The CD player 10 reads the stored video/ 
audio signals from the CD 20C, and transmits these sig- 
nals to the video/audio apparatus 18 by the output end 
26 and the output cable 16. To complete the above pro- 
cedure, the access circuit 12 comprises a motor 20A and a 
reading head 20B. The CD 20C is driven to rotate and the 
reading head 20B read the stored data in the CD 20C. 
These data are decoded or demodulated and then become 
digital information signals 21Athat are transmitted to the 



output circuit 14. There is a signal circuit 22 and an out- 
put port 24 corresponding to output end 26 in the con- 
ventional circuit 14. The signal circuit 22 can transform 
information signals 21A to output signals 2 IB that are 
properly adjusted for outputting. For example, signal cir- 
cuits 22 can be a TV DAC (television digital-to-analog 
converter) that transforms digital information signals 21A 
to output signals 2 IB of suitable levels and output power. 
Through the output port 24 of the output circuit 14 and 
the output end 26, the output signals 21B can be trans- 
mitted to the video/audio apparatus 18 by the output ca- 
ble 16 and the video/audio apparatus 18 shows images/ 
sounds from these signals. 
[0006] As mentioned above, modern video/audio players com- 
prise a plurality of output ends for flexibility of applica- 
tion. However, an ordinary user would use some output 
ends for transmitting video/audio signals, while the other 
output ends are not used. Because the signal circuit 22 
consumes some power when outputting the output signal 
2 IB, if the corresponding output end 26 is not connected 
any video/audio apparatus but keeps outputting output 
signals 2 IB, power is wasted. To solve this problem, the 
conventional player 10 is equipped with a mechanically- 



driven switch 28 connected to the output end 26 outside 
the output circuit 14 in order to detect if the output end 
26 is connected to the output cable 16 in a mechanical 
way. 

[0007] | n t he conventional player apparatus 10, the operation 
principles of the mechanically-driven switch 28 are de- 
scribed in the following. When the output cable 16 is 
plugged in the output end 26, the end point of the output 
cable 16 will trigger the mechanically-driven switch 28 
and the mechanically-driven switch 28 will feedback an 
electrical signal to the output circuit 14. The signal con- 
trolling circuit 22 processes the signal and outputs the 
output signals 2 IB to the output 24. Comparatively, when 
the output cable 16 is not connected to the output end 
26, the mechanically-driven switch 28 will detect that the 
output end 26 connects to nothing. The mechanically- 
driven switch 28 will stop the signal controlling circuit 22 
with the other electrical signal. 

[0008] with the mechanically-driven switch 28, the player appa- 
ratus 10 can detect if the output end 26 connects the out- 
put cable 16. However, this prior art has some disadvan- 
tages. First, the mechanically-driven switch 28 is involved 
in integration of mechanical/electrical devices so the 



manufacturing procedures are complicated. It is both 
time-consuming and money-wasting. In addition, the me- 
chanically-driven switch 28 detects connection of the out- 
put cable in a mechanical way so that plugging action 
wears down the apparatus and makes the display appara- 
tus operate incorrectly. Third, functions of the output cir- 
cuit 14 are often implemented by a chip, but the output 
circuit 14 must be equipped with more pins to receive 
signals of the mechanically-driven switch 28. This reason 

also complicates the circuit design and increases cost. 
Summary of Invention 

[0009] it is therefore an objective of the claimed invention to 
provide an output circuit in order to solve the above- 
mentioned problems. 

[0010] According to the claimed invention, an output circuit 

comprises an output port electrically connected to an out- 
put cable in a detachable manner, a signal circuit electri- 
cally connected to the output port for providing a signal 
current to the output port, and a decision module electri- 
cally connected to the output port for determining 
whether the output port is electrically connected to the 
output cable according to a signal voltage of the output 
port. 



[0011] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment that is illustrated in the various fig- 
ures and drawings. 
Brief Description of Drawings 

[0012] pig.l illustrates function blocks of a conventional player. 

[0013] pig. 2 illustrates function blocks of the present invention. 

[0014] pig. 3 illustrates the function blocks of the output circuit of 
Fig. 2 when the output circuit of Fig. 2 is operating in a 
normal mode. 

[0015] Fig. 4 illustrates function blocks of the output circuit of 
Fig. 2 when the output circuit of Fig. 2 is operating in a 
power-saving mode. 

[0016] Fig. 5 illustrates the waveform-timing diagram of output 
voltage when the playing apparatus of Fig. 2 is operating. 

[0017] Fig. 6 illustrates the waveform-timing diagram of output 
voltage when the playing apparatus of Fig. 2 in another 
embodiment is operating. 

[0018] Fig. 7 illustrates the waveform-timing diagram of output 
voltage when the playing apparatus of Fig. 2 in still an- 
other embodiment is operating. 



Detailed Description 

[0019] please refer to Fig. 2. Fig. 2 illustrates function blocks of 
the playing apparatus 50 in the present invention. The 
playing apparatus 50 comprises an access circuit 52, an 
output circuit 54, and at least an output end 66 connected 
to a video/audio apparatus 58 with an output cable 56. 
The playing apparatus 50 can be a playing apparatus for 
images or sounds (like a CD player or DVD player). The 
access circuit 52 comprises a motor 60A and a reading 
head 60B to read video/audio data signals 61A from a CD 
60C. The output circuit 54 comprises a signal circuit 62. 
This signal circuit 62 is connected to the output port 64 at 
a node Nl and can transform data signals 61A to suitable 
output signals 61B. For example, the signal circuit 62 can 
be a TV DAC to transform digital data signals 61A to ana- 
log output signals 61B. The output signals 61B can be 
outputted to the video/audio apparatus 58 through the 
output ports 64 of the output circuit 54, the output end 
66, and the output cable 56. The video/audio apparatus 
58 can be a TV, a display, a projector or a speaker, an 
amplifier. Of course, the playing apparatus 50 can have a 
plurality of output ends 66, but Fig. 2 shows one output 
end 66 for convenience of description. 



[0020] jo detect if the output cable 56 connects to the output 
end 66 of the playing apparatus 50, the output circuit 54 
of the present invention comprises a decision module 70 
to determine if the output end 66 connects to the output 
cable 56 by the electrical signals of the output port 64. In 
one embodiment of the present invention, the decision 
module 70 comprises a control circuit 72, a comparator 
74, a switching circuit 76, and an amplifier 78. The con- 
trol circuit 72 controls the decision module 70. The am- 
plifier 78 amplifies signals and provides different amplify- 
ing gain under control of the control circuit 72. The com- 
parator 74 comprises two inputs and an output end, and 
one input is connected to the node Nl through amplifier 
78 to receive the amplified signals of the amplifier 78. The 
switching circuit 76 controlled by the control circuit 72 
can select one voltage from the two values detecting 
threshold voltage Vd and signal detecting threshold volt- 
age Vs, and pass it to the other end of the comparator 74. 
The comparator 74 compares the signals of two inputs 
and delivers compared results to the control circuit 72 
through the output end so that control circuit 72 deter- 
mines if the output end 66 connects to the output cable 
56 according to signals of the output port 64. The control 



circuit 72 can be equipped with a latch 80A and a logic 
controller 80B. The latch 80A is used to receive and store 
the compared results of the comparator 74, and the logic 
controller 80B implements each control function of the 
control circuit 72 according to the data stored in the latch 
80A. 

[0021] According to the results of the decision module 70, the 

control circuit 72 controls the output circuit 54 to operate 
in two modes. As for this situation, please refer to Fig. 3 
and Fig. 4 (also Fig. 2). Fig. 3 and Fig. 4 illustrate function 
blocks of the playing apparatus 50 of Fig. 2 when the play- 
ing apparatus 50 is operating in different modes. As 
shown in Fig. 3, when the decision module 70 determines 
that the output cable 56 has connected to the node Nl, it 
means the playing apparatus 50 has connected to the 
video/audio apparatus 58 through the output cable 56 
and the playing apparatus 50 outputs the output signal 
61B from the output end 66. Then, the decision module 
70 makes the output circuit 54 operate in a normal mode. 
The signal circuit 62 transforms the video/audio data sig- 
nals 61A provided by the access circuit 52 to the output 
signals 61B and the output signals 61B are outputted to 
the video/audio apparatus 58 through the output port 64 



and the output end 66 so that images or sounds emerge. 
When the output cable 56 is connected to the output cir- 
cuit 54 through the output end 66 and the output end 64, 
the characteristic impedance Zc of the output cable 56 will 
be equivalently connected in parallel with the output 
impedance Zo of the signal circuit 62 at the node Nl so 
that total output impedance of the signal circuit 62 at the 
node Nl, expressed as Zt in Fig. 3, is a parallel connection 
of impedance Zo and Zc. In addition, in the normal mode, 
the control circuit 72 makes gain of the amplifier 78 to be 
As (As can be 1), and makes the switch circuit 76 set to 
signal threshold voltage Vs in order to keep detecting if 
the output cable 56 connects to the playing apparatus 50. 
[0022] a s shown in Fig. 4, when the output cable 56 is taken off 
from the output end 66 and disconnected with the output 
circuit 54, the characteristic impedance Zc of the output 
cable 56 is not connected to the node Nl anymore. Thus, 
total output impedance of the signal circuit 62 at the node 
Nl is Zo, the characteristic impedance of itself. Suppose 
that the output current of the signal circuit 62 at the node 
Nl is I. In the normal mode, when the output cable 56 still 
connects to the playing apparatus 50, the signal voltage 
of the node Nl should be Zt*l ( Please refer to Fig. 3 ). 



When the output cable 56 does not connect to the node 
Nl, signal voltage of the node Nl should be Zo*l ( Please 
refer to Fig. 4 ). Because the total impedance Zt is a paral- 
lel connection of Zo and Zc, the total impedance Zt is 
smaller than impedance Zo. In other words, when the out- 
put cable 56 is taken off from the output end 66, signal 
voltage at the node Nl will become larger (from Zt*l to 
Zc*l). In the normal mode, the comparator 74 is to com- 
pare if signal voltage at the node Nl is larger than signal 
threshold voltage Vs. When setting the signal threshold 
voltage Vs, the designer should make this value is be- 
tween As*Zt*l and As*Zo*l. 
[0023] when decision module 70 determines that the output ca- 
ble 56 has been taken off from the output end 66, the 
output circuit 54 will operate in the power-saving mode. 
Since the output cable 56 is not connected to the playing 
apparatus 50, it is not necessary for the signal circuit 62 
to keep transforming the video/audio data signal 61A 
provided by the access circuit 52 to output signals, and 
the signal circuit 62 can stop functioning. However, as 
shown in Fig. 4, in the present invention, the signal circuit 
62 still provides a predetermined low-power detecting 
signal 61C to detect if the output cable 56 will be con- 



nected to the output end 66. To implement this, the aver- 
age power of this detecting signal 61C is set to be far 
lower than the power of the output signal 61B in the nor- 
mal mode in order to lower power consumption. In addi- 
tion, the control circuit 72 will control the amplifier to op- 
erate with a larger gain Ad (larger than gain As in the nor- 
mal mode) to amplify the low power detecting signal 61C 
at the node Nl. Also, the switch circuit 76 is set to detect- 
ing threshold voltage Vd so that the decision module 70, 
in the power-saving mode, can keep determining if the 
output cable 56 is connected to the output end 66 once 
more. Similar to the operation of the normal mode, in the 
power-saving mode, the comparator 74 is to detect if the 
amplified signal voltage from the node Nl amplified by 
the amplifier 78 is smaller than the detecting threshold 
voltage Vd. This detecting threshold voltage Vd is be- 
tween Ad*Zt*ld and Ad*Zo*ld (Id represents current of de- 
tecting signal 61C). When the signal voltage at node Nl 
changes from the value larger than the detecting thresh- 
old voltage Vd to the value smaller than the detecting 
threshold voltage Vd, it means the output cable 56 con- 
nects to the output circuit 54 again and the decision 
module 70 makes the output circuit 54 change from the 



power-saving mode to the normal mode. 
[0024] jo further describe the situation in which the output cir- 
cuit 54 operates in the normal mode and the power-sav- 
ing mode, please refer to Fig. 5 (also Fig. 2 to Fig. 4). Fig. 5 
illustrates the waveform-timing diagram of output signal 
voltage of the output circuit 54 at the node Nl in different 
modes. The X-axis of Fig. 5 represents time and the Y- 
axis of Fig. 5 represents voltage magnitude. If the output 
cable 56 is connected to the output end 66 before time 
point taO to make the output circuit 62 operate in the 
normal mode, signals at node Nl are the output signals 
6 IB. At time taO, a user takes off the output end 66 from 
the output end 66, and the total output impedance of the 
signal circuit 62 at node Nl will become larger and make 
the amplitude of the signal voltage at the node Nl also 
become larger (as shown in Fig. 3 and Fig. 4). As shown in 
Fig. 5, after time point taO, the amplitude of the signal 
voltage at the node Nl becomes larger and exceeds the 
voltage level VsO defined by the signal threshold voltage 
Vs at time tal (the voltage level VsO is Vs/As. Fig. 5 illus- 
trates the signal voltage of the node Nl, but the compara- 
tor 74 compares if the voltage at the node Nl amplified 
by As times is larger than the signal threshold voltage Vs. 



Equivalently speaking, the comparator 74 compares if the 
voltage at the node Nl is larger than VsO=Vs/As.) 

[0025] | n the embodiment of Fig. 5, as long as the voltage at node 
Nl exceeds the voltage level VsO, the latch 80A in the 
control circuit 72 (Fig. 2) will latch the compared result. 
The logic controller 80B sets the output circuit 54 in the 
power-saving mode according to the compared result. In 
the present invention, the latch 80A can be a non- 
returning zero (NRZ) latch. In other words, when the value 
stored by the latch changes from digit "0" to digit "1", the 
latched value of latch 80A will not change unless a "reset" 
action is performed. Thus, when the comparator 74 at 
time tal detects that the voltage of node Nl has changes 
from the value smaller than the voltage level VsO to the 
value larger than the voltage level VsO, the value in the 
latch 80A can change from "0" to "1" and is latched to 
digit "1" so as to trigger the logic controller 80B to make 
the output circuit 54 operate in the power-saving mode. 

[0026] As shown in Fig. 5, when the output circuit 54 operates in 
the power-saving mode at time point tal, the signal cir- 
cuit 62 stops functioning and provides a low power de- 
tecting signal 61C to the node Nl (please also refer to 
Fig. 4). In the embodiment of the present invention, the 



signal circuit 62 in the power-saving mode will provide a 
DC (like constant current) detecting signal to the node Nl. 
Since the detecting signal 61C is a DC signal, the voltage 
of the node Nl will maintain a constant voltage level Va, 
as shown in Fig. 5. The comparator 74 will keep comparing 
if the voltage of the node Nl amplified by Ad times is 
smaller than the detecting threshold voltage Vd(or equiva- 
lent^, to compare if the voltage of the node Nl is smaller 
than the voltage level VdO, VdO=Vd/Ad). Because power 
and voltage level of the detecting signal 61C is lower, the 
amplifier 78 in the power-saving mode can amplify the 
voltage of the node Nl by a bigger amplification rate Ad 
for convenience of comparison. In addition, in the power- 
saving mode, the amplifier 78 can provide functions of 
level shifting or others to shift the voltage of the node Nl 
and make the comparison more precise. 
[0027] Assume at time point ta2, the user connects the output 
cable 56 to the output end 66 again to make the output 
cable 56 connect to the output circuit 54. The total 
impedance of the signal circuit 62 at the node Nl changes 
from Zo before ta2 to Zt after ta2 (as shown in Fig. 4 and 
Fig. 3). Accordingly, the signal voltage at the node Nl will 
change from the voltage level Va to the voltage level Vb ( 



Vb=Va*Zt/Zo ), which is lower than the voltage level VdO 
defined by the detecting threshold voltage Vd. According 
to this voltage change, the control circuit 72 can deter- 
mine that the output cable 56 connects to the output cir- 
cuit 54 again at time point ta3 (in fact, time difference be- 
tween ta2 and ta3 is very small) and control the output 
circuit 54 to operate in the normal mode. Then, the signal 
circuit 62 executes signal processing and transforms 
video/audio data signals 61A provided by the access cir- 
cuit 52 to the output signal 61B. In summary, the present 
invention determines if the output cable 56 connects to 
the output circuit 54 by using the signal voltage of the 
node Nl and dynamically switches the apparatus to the 
normal mode or the power-saving mode. In the normal 
mode, the signal circuit 62 of the present invention trans- 
forms the data signal 61A to the output signal 61B. The 
decision module 70 determines if the output cable 56 dis- 
connects with the playing apparatus 50 by comparing if 
the output signal 61B at the node Nl is larger than a pre- 
determined threshold value (voltage level VsO). In the 
power-saving mode, the signal circuit 62 only needs to 
provide a low power detecting signal 61C and the control 
circuit 72 determines if the playing apparatus 50 re- 



connects the output cable 56 by comparing if the detect- 
ing signal 61C is smaller than another predetermined 
threshold value (voltage level VdO). 
[0028] | n the present invention, when the signal circuit 62 oper- 
ates in the normal mode, the output signal 61B output by 
the signal circuit 62 at the node Nl is usually a time- 
varying signal. Thus, the present invention can take ad- 
vantage of characteristics of the time-varying signals to 
determine if the output cable 56 re-connects to the play- 
ing apparatus 50 more precisely. As for the situation, 
please refer to Fig. 6 (also Fig. 2 to Fig. 4). Fig. 6 illustrates 
the waveform-timing diagram of signal voltage at the 
node Nl in another embodiment of the playing apparatus 
50. The X-axis stands for time while the Y-axis stands for 
voltage magnitude. Suppose that the output cable 56 con- 
nects to the playing apparatus 50 before time point tbO, 
so the output circuit 54 operates in the normal mode and 
voltage amplitude at node Nl is smaller than the voltage 
level VsO that the signal threshold voltage Vs defines. At 
time point tbO when users take off the output cable 56 
from the playing apparatus 50 and the total output 
impedance of the signal circuit 62 at node Nl is changed, 
the voltage level of the output signal 61B at node Nl is 



larger than level VsO. In the embodiment of Fig. 6, the 
control circuit 72 will keep calculating how many times 
the output signal 61B exceeds voltage level VsO after a 
predetermined period after voltage at the node Nl is 
larger than the level VsO. As long as the amount of times 
the output signal 61B exceeds voltage level VsO is larger 
than a predetermined value, it is known that the output 
cable 56 is not connected to the node Nl. Generally 
speaking, output signals that the signal circuit 62 gener- 
ates by video/audio data signals 61A have some specifi- 
cations. For example, the conventional video signals have 
a maximum every hundredth of a second. If period T is 
0.05 seconds, it is expected that there are 3 to 4 signal 
maximums during the period T. According to this charac- 
teristic of the signal, the present invention can definitely 
determine if the output cable 56 is connecting to the 
playing apparatus 50 even if the output signal 61B at the 
node Nl is time-varying. 
[0029] As shown in Fig. 6, the comparator 74 detects that maxi- 
mum of output signal 61B at the node Nl exceeds voltage 
level VsO for three times at time points tbl, tb2 and tb3. 
The number of times satisfies the predetermined value, so 
it is determined that the output cable 56 is not connected 



to the node Nl. Therefore the decision module 70 makes 
the output circuit 54 operate in the power-saving mode at 
time tb4 after time segment T and provides a constant 
detecting signal 61C to the node Nl. When the output ca- 
ble 56 connects to the playing apparatus 50 again at time 
tb5, voltage level at node Nl will be smaller than the level 
VdO because the total impedance of the node Nl becomes 
smaller. The decision module 70 is triggered at time point 
tb6 to control the output circuit 54 to operate in the nor- 
mal mode. To count the number of times that the output 
signal 61B exceeds the level VsO, if latch 80A(Fig.2) is im- 
plemented by the latch of non-return-to-zero, the logic 
controller 80B must reset latching in these times. For ex- 
ample, as shown in Fig. 6, logic controller 80B resets the 
latch 80A at time points tbl, tb2 and tb3. 
[0030] | n addition, the signal circuit 62 of the present invention 
can output time-varying detecting signal 61C to the node 
Nl to determine if the output cable 56 connects to the 
output circuit 54 by the voltage change of the detecting 
signal 61C. As for this situation, please refer to Fig. 7. 
Fig. 7 illustrates the waveform-timing diagram of output 
voltage of the playing apparatus 50 at the node Nl in an- 
other embodiment. The X-axis represents time and the Y- 



axis represents voltage magnitude. Suppose the output 
cable 56 is taken off from the playing apparatus 50 at 
time tcO so that the output circuit 54 operates in the 
power saving mode. In the embodiment of Fig. 7, the sig- 
nal circuit 62 provides the detecting signal 61C, which is a 
rectangular time-varying signal and has a period of Tp, to 
the node Nl at time tel. In the former part of every pe- 
riod, the detecting signal 61C maintains a constant cur- 
rent signal and in the latter part of the period, the detect- 
ing signal 61C can be zero. The logic controller 80B can 
determine if the output cable 56 connects to the node Nl 
by checking if the signal at the node Nl changes in the 
former part of each period. For example, if the output ca- 
ble 56 at time tc3 (the latter part of a first period) re- 
connects to the output circuit 54, the voltage at the node 
Nl will become smaller in the former part of the next pe- 
riod (that is time tc4) because the total output impedance 
is smaller. The voltage at the node Nl decreases from the 
voltage Vcl to the voltage Vc2, which is smaller than the 
voltage VdO defined by the detecting threshold voltage 
Vd. According to the voltage change, the decision module 
70 can find that the output cable 56 reconnects to the 
node Nl and make the output circuit 54 operate in the 



normal mode at time tc5. 
[0031] | n summary, the present invention sets up a decision 

module in the output device of the playing apparatus and 
determines if the output cable connects the playing appa- 
ratus according to voltage signals from the output port to 
the output device. When the decision module determines 
that the output cable disconnects with the output port, 
the output circuit is forced to operate in a power-saving 
mode and generates a detecting signal of low power so as 
to keep detecting output voltage to check if the output 
cable reconnects to the output port. Compared with the 
conventional method in which the output cable is me- 
chanically detected, the present invention electrically de- 
tects the output cable. The detecting mechanism and the 
signal circuit are integrated by circuit level, avoiding in- 
convenience of combination of mechanical engineering 
and electrical engineering as well as mistakes of operation 
due to mechanical abrasion. Besides, the decision module 
70 of the present invention can be integrated with the 
signal circuit 62 in the chip of the output circuit 54, so the 
output circuit 54 of the present invention does not need 
additional pins to receive the signals of the mechanically- 
driven switches in the conventional invention. Thus, the 



output circuit of the present invention is simple, reduces 
cost, and decreases time of manufacture. Because the sig- 
nal circuit of the present invention generates a detecting 
signal in the power-saving mode without coordination of 
the video/audio apparatus, the present invention is com- 
patible with other video/audio apparatuses. 

[0032] As mentioned before, an ordinary playing apparatus has a 
plurality of output ends. In the application of the present 
invention, each output end can have an independent deci- 
sion module to detect each output end. The present in- 
vention could not only be used in a video/audio player but 
also other kinds of players. For example, the access circuit 
52 of the playing apparatus 50 can be a wireless transmit- 
ting module or a network module accessing video/audio 
signals from cable/wireless networks. Of course, the 
present invention can be applied to sound cards or 
graphic cards of the computer system in order to detect if 
they are connected to the output cable. 

[0033] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



